Objective: To construct an empirical classification of patients with shoulder complaints, and then to investigate the relationship between the empirical classification and the setting in which the patients were recruited, their demographic and clinical characteristics, and the original diagnostic categories.
A simple classification system was recommended for patients with restricted shoulder or neck range of motion Klaas H. Groenier a, * , Jan C. Winters a , Wijbrand H. van Schuur b , Andrea F. De Winter
Introduction
In his Textbook of Orthopaedic Medicine, Cyriax [1] wrote with respect to shoulder complaints that ''nearly all lesions of the joint and of adjacent soft tissues are tractable and, once relieved, seldom recur.'' According to Cyriax, there are 12 tests that will enable any doctor to diagnose all shoulder complaints. The first Dutch National Guidelines on the diagnosis and management of shoulder complaints in general practice, issued in 1990, were largely based on the system proposed by Cyriax. A number of studies conducted since the early 1990s show that there is doubt about the reliability shoulder complaints diagnosis [2] [3] [4] . Only one study reports a high intraobserver reliability using the Cyriax classification of shoulder disorders [5] . There is a lack of consensus on the appropriate diagnostic criteria, exacerbated by the numerous diagnostic classifications of shoulder complaints that have been proposed [6] [7] [8] . These are all a priori classifications (based on expert opinion) that lack an empirical validation and are not always mutually exclusive. An attempt to resolve this lack of exclusivity was made in the first Dutch National Guidelines, by the introduction of two extra categories, ''rest group'' and ''mixed clinical picture.'' This attempt failed, however: too great a number of patients were categorized into these extra categories because clinical findings are not clearly attributable to one single diagnostic category [4] and, further, many practitioners considered the Cyriax classification too complex [9] . In 1999, therefore, the Dutch College of General Practitioners in 1999 changed the National Guidelines for Shoulder Complaints in favor of a less complicated classification [10] .
This classification dilemma has led authors to question the usefulness of a diagnostic classification system for the treatment of patients with shoulder complaints [11, 12] .
A number of patients consulting a general practitioner with shoulder pain, may in fact have a disorder of the cervical spine rather than a disorder of the shoulder joint [8, 13] . Sobel et al. [14] reported that 20% of the patients who presented to their general practitioner with shoulder complaints had no functional disorder of the glenohumeral joint, but additional examination revealed a disorder of the cervicothoracic spine.
The options available to the general practitioner for the treatment of shoulder complaints are limited: treatment with a nonsteroidal antiinflammatory drug, physiotherapy, manipulative therapy, or steroid injection into the shoulder joint. It seems only logical to reserve treatment with steroid injections to those patients with shoulder complaints who have disorders of the glenohumeral joint and not to patients with a disorder of the cervicothoracic spine. It is therefore important to explore the development of a classification (and preferably a simple classification) of patients with shoulder complaints that might be useful for the purpose of treatment selection.
Only a few studies have sought to create a classification of shoulder complaints on an empirical basis. De Jongh [15] reported two major clusters of patients using a method of hierarchical cluster analysis. One cluster of patients was characterized by restriction in the range of motion; the second cluster consisted of patients who showed little restriction in the range of shoulder motion but still experienced pain. Winters et al. [16] used a similar analysis and reported three clusters of patients: one cluster of patients with longterm complaints but hardly any restriction in the range of motion, a second cluster of patients with long-term complaints but with slight to average restriction in the range of motion, and a third cluster of patients with recent complaints and average to serious restrictions. Although both studies show that distinct groups of patients can be found, the distinctions between the groups they report do not reflect the classifications described earlier in the literature.
Groenier et al. [17] used multidimensional scaling to show that the clusters found by Winters et al. [16] could be represented on a single dimension reflecting merely the severity of the shoulder complaints. Multidimensional scaling of De Winter's original data [13] in which patients with neck complaints were also included in the analysis resulted in a two-dimensional structure [18] . One dimension corresponded with the severity of the restriction in the range of motion of the shoulder; the second dimension reflected the severity of the restriction in the range of motion of the cervical spine. Most patients were characterized by one or more restrictions of the motion of the shoulder as well as the neck. Furthermore, restriction in the active motions and passive motions, as well as the amount of pain experienced by the patients when performing these motions, contributed to the results of the analysis in the same way. This suggests that it is sufficient to examine either the restriction in the passive or active motions, or the amount of pain. This suggestion is supported by a number of questionnaire development studies, where it has been deemed sufficient to record the amount of pain experienced by patients with shoulder complaints during performance of different activities in order to measure (perceived) recovery [19] [20] [21] [22] [23] .
To select the appropriate therapy for individual patients, it is important to classify patients into distinct diagnostic groups rather than simply characterizing patients by scores on continuous scales, as is the case in multidimensional scaling.
For the present study we proposed three stages. First, we would analyze the combined data of the study of De Winter [13] and Winters et al. [24] , to investigate the development of an empirical classification system of patients with shoulder or neck complaints (or both), based on the restriction in the range of motion (ROM). Next, we would compare the results of our empirical classification system with the original diagnostic categories used by De Winter [13] and Winters et al. [24] . Finally, we would explore the relationship between the results of our classification system with demographic and clinical characteristics of the patients, such as duration of complaints and patient-perceived pain.
Patients and methods

Patients
Our patients came from two sources. One source was the study by De Winter [13] , in which 201 consecutive patients with shoulder complaints from general practice, orthopedic practice, and a clinic for rheumatology and rehabilitation were included. Patients with shoulder complaints that might be due to neck disorders also participated in the study. All patients were between 18 and 75 years old. Patients with shoulder problems due to neurological, vascular or internal disorders, systemic rheumatic diseases, fractures, or dislocations were excluded.
Our second source was the study by Winters et al. [24] , in which 198 consecutive patients with shoulder complaints seeking consultation in seven general practices in a 1-year period starting in September 1994 were included. From this study, we used the data of 194 patients; four patients had missing data for one or more variables. Patients with shoulder complaints that might be due to neck disorders were also included. All patients were between 18 and 82 years old. Exclusion criteria were treatment for shoulder complaints in the 6 months prior to consultation, bilateral shoulder complaints, the presence of specific rheumatic disorders, shoulder complaints due to acute severe trauma (patients with a history of a distortion were not excluded), presence of cervical disk herniation, extrinsic shoulder complaints resulting due to an internal disease, presence of dementia or other psychiatric disorders, and refusal to participate in the study.
Variables used in the construction of the classification
The variables indicating the passive restriction in the ROM from both studies were used to construct the classification. From the De Winter study [13] , the following variables measuring the restriction in the ROM were used:
1. The degree of restriction in the ROM of the shoulder relative to the unaffected side: passive abduction, passive external rotation, passive medial rotation, and passive horizontal adduction. These variables were estimated by the investigator on a continuous scale in degrees. For analysis in the present study the variables were dichotomized: no restriction present was recorded when the range of motion was restricted less than 5 relative to the affected side, all other values were recorded as restricted. 2. The presence or absence of restriction in the ROM of the neck (to one or both sides): anteflexion, extension, rotation, and lateroflexion. These variables were scored on a dichotomous scale.
From the study by Winters et al. [24] the following variables measuring the restrictions of the ROM were used:
1. The restriction in the ROM of the shoulder relative to the unaffected side: passive abduction, passive external rotation, passive medial rotation, and passive horizontal adduction. 2. The restriction in the ROM of the neck (to one or both sides): anteflexion, extension, rotation, and lateroflexion.
All variables were originally scored on a four-point scale by the participating investigators. A score of 1 indicated a restriction in the range of motion by !5
and was for the purpose of the present study recorded as no restriction present; a score O1 was recorded as restricted.
Excluded from the analysis were the following measurements of the restriction in the ROM of the neck: rotation in extension and rotation in anteflexion, because these motions were not observed in the study by De Winter [13] . In both studies, the physical examination was performed according to the Dutch National Guidelines on the diagnosis and management of shoulder complaints [10] .
Demographic variables and clinical characteristics
Demographic variables and clinical characteristics included (a) the setting from which the patients were recruited (general practice, orthopedic practice, or a clinic for rheumatology and rehabilitation); (b) age and gender of the patients; (c) duration of the complaint, in weeks; and (d) presence or absence of pain when assessing the restrictions in the motions of the shoulder and neck. For patients in the study by De Winter [13] , pain was as measured on the Shoulder Disability Questionnaire (SDQ); for patients in the study by Winters et al. [24] , the pain score from a 7-item questionnaire developed earlier [22] was used. Both questionnaires are patient-perceived questionnaires.
Statistical analysis
The selected dichotomized variables from the pooled data were subjected to a latent class analysis [25, 26] using Latent Gold [27] and WinMira 2001 [28] computer programs.
Latent class analysis (LCA) is a method with which one tries to explain the relationships between observed variables by a number of mutually exclusive latent classes (also called clusters). The most important characteristic of the method is that the relationship between the observed variables is determined solely by the fact that patients belong to different classes. As a consequence, the observed variables will be independent of each other for all patients belonging to a specific class. This condition is called ''local independence'' [25] .
The following hypothetical example may help explain the idea of local independence. Suppose we have 250 patients, of whom 125 have a restriction in the passive abduction of the shoulder (A) and 160 patients have a restriction in the lateral flexion of the neck (B). The relationship between these two variables A and B could be as is depicted in Table 1 . There is a highly significant relationship between the two variables, as can be seen from the results of the c 2 test (c 2 5 6.9, df 5 1, P 5 .008). Suppose further that this relationship can be explained completely by two latent classes (indicated by the latent variable C). The relationship within each of the two classes will be as in Table 2 , resulting in a c 2 5 0.0 in each of both cross-tabulations. So within each of the two classes restriction in the passive abduction of the shoulder (A) is independent of restriction in the lateral flexion of the neck (B). In practice, there are of course more than two variables observed, and the aim of LCA is to find how many classes are needed (preferably a small number) to describe the relationships between these observed variables, and at the same time to determine which patients belong to a specific latent class.
Because LCA is probabilistic, patients are not deterministically assigned to a cluster, as would be done in other clustering techniques such as hierarchical cluster analysis or k-means clustering. For each patient, an estimate is given of the probability that this patients belongs to each latent class. Subsequently, patients are assigned to the latent class that has the highest probability. In the case of clustering patients with shoulder complaints, it would be convenient if each patient has a high probability of belonging to a specific class and low probabilities of belonging to the other classes. In general, one can state that the probability that a randomly selected patient will be located in one of the cells i, j, ., m, t of the cross-tabulation of the observed variables A, B, ., E and the latent variable X can be expressed as
the product of the conditional probabilities p AX it , p BX jt , and so on, and the probability that the patient belongs to a particular class t of Xdthat is, p X t [26] . So, all latent classes are characterized by the probability of a specific pattern of observed variables expressed by the conditional probabilities.
In practice one starts with only one latent class, which would indicate that all variables are independent of each other. From this latent class one predicts the pattern of responses of the patients on the observed variables. The fit between these predicted responses based on the latent classes and the observed pattern is used as a criterion to measure the success of the approach. The number of latent classes is increased until the fit between the predicted and observed data is satisfactory. The c 2 test is used as a measure of fit. As long as there is a significant c 2 , the number of classes is increased until the test no longer shows a significant P-value. We used the Latent Gold program for the analysis of the data.
Note that a complication in determining the fit arises when the number of observed variables is large with respect to the number of observations. The use of a so-called bootstrap procedure then is recommended for evaluating the fit of the results [29] . The computer program WinMira 2001 [28] incorporates such a bootstrap procedure and was used to evaluate the fit of the results.
Given the results of previous studies [16] [17] [18] the expected number of classes will be at least three.
Because the most important assumption in LCA is the concept of local independence, only restriction in passive motions was used in the present study. It is highly unlikely that within each latent class restriction in active motions will be independent of restriction in passive motions. For the same reason, the amount of pain experienced with the motions was omitted from the analysis.
Relationships between class membership and demographic and clinical data and original diagnostic categories were examined with the use of analysis of variance (AN-OVA) or nonparametric tests (when dependent variables violate the normality assumption) and the c 2 test. The relationships with the patient-perceived questionnaires were analyzed separately for each study. The scales of both questionnaires were transformed into z-scores (mean of zero and standard deviation of one) to facilitate comparison. Statistically significant differences between the classes were examined. A difference was considered statistically significant at P ! .05.
Results
Patient characteristics for both of the included studies are given in Table 3 . For the study by De Winter [13] , patient characteristics are given for each setting. The most striking difference between the two studies was in the duration of complaints. Abbreviations: Pnn, percentile; SD, standard deviation. a Pain is measured on a scale from 0 (no pain at all) to 100 (severe pain). b Pain is measured on a scale from 0 (no pain at all) to 21 (severe pain).
LCA
The LCA resulted in four clusters of patients (c 2 5 272.4, df 5 220, P 5 .09, c 2 test). Figure 1 shows the percentage of positive responses for all variables in each cluster.
Cluster 1 contains about one third (33.6%) of the patients. Only a moderate number of these patients (between 10% and 36%) showed restriction in the ROM of the shoulder and of extension and anteflexion of the neck. Restriction in lateroflexion and rotation of the neck was present in more than half of these patients (56% and 67%).
Cluster 2 also contains about a third of the patients (32.1%). The majority of those patients showed a restriction in the ROM of the shoulder (82% to 91%) and a substantial number of the patients in cluster 2 had a restriction in lateroflexion and rotation of the neck (63% and 40%).
Cluster 3 contains about a quarter of the patients (25.6%). Only medial rotation of the shoulder and horizontal adduction were limited in a substantial number of these patients (48% and 38%); all other motions were found to be restricted in only a very small number of patients (between almost no one and 22%).
Cluster 4 contains the remaining 8.7% of the patients. Almost every patient in this cluster experienced a restriction in all motions, from the shoulder as well from the neck (from 64% in the case of anteflexion of the neck to O99% in the case of medial rotation of the shoulder). Figure 2 shows the percentages of positive responses for all pain variables for each cluster. The pattern of percentages of positive responses for each cluster matches that of the responses for the restriction in the ROM. This means that for each cluster there is a clear relationship between the restriction in a motion and the pain experienced while performing the particular motion. Table 4 shows the distribution of the patients among the various settings from which the patients were recruited. Patients from the orthopedic clinic and the rehabilitation center are relatively more present in cluster 2. Patients from general practice are more present in cluster 3 and 4 for the study by De Winter [13] , and those from the study by Winters et al. [24] are more present in cluster 1 and less in cluster 4 (P ! .0005, c 2 test). From Fig. 3 , it is clear that the mean age of patients belonging to cluster 3 is lower than that of patients belonging to the other clusters (P ! .0005, one-way ANOVA with Bonferroni correction). There appeared to be no significant difference in the duration of complaints between the different clusters (P 5 .53, Kruskal-Wallis test).
Relationship between clusters and the clinical characteristics and demographic variables
In Fig. 4 , the relationship between cluster membership and the score on the Shoulder Disability Questionnaire (SDQ) and the pain score from the study by Winters et al. [24] is shown for each study. The patients from the study by De Winter [13] belonging to cluster 3 show less discomfort on average than those belonging to the other clusters (P ! .0005, one-way ANOVA).
On the other hand patients from the study by Winters et al. [24] belonging to cluster 1 show less pain on the average than those belonging to the other clusters (P 5 .001, one-way ANOVA).
In the study by De Winter [13] , patients were diagnosed using the guidelines of Cyriax. The relationship of the diagnosis and cluster membership is presented in Table 5 . Most of the patients (80.4%) diagnosed as having a capsular_ syndrome belong to cluster 2. Acute bursitis and acromioclavicular syndrome were hardly ever diagnosed, and the other diagnoses did not show a clear-cut relationship with cluster membership. In the study by Winters et al. [24] , patients were diagnosed into three groups, one group having shoulder complaints of a synovial nature (disorders of the joint capsule or the synovial cavity of the humeroscapular joint, the subacromial cavity, or the acromioclavicular joint, singly or in combination), one with complaints originating from the shoulder girdle (no disorders in the synovial structures but functional disorders in the shoulder girdle, consisting of the cervical spine, the upper thoracic spine and the adjoining ribs), and a third group with a combination of these two diagnoses. The relationship of this classification and cluster membership is shown in Table 6 (l 5 0.13). About three quarters of the patients diagnosed with problems from the shoulder girdle belong to cluster 1.
Based on the number of motions that are restricted, a scoring system was constructed to classify the patients in a simple way. First, two scores are constructed: the number of motions of the shoulder that are restricted (ranging from 0 to 4) and the number of the motions of the neck that are restricted (ranging from 0 to 4).
Patients in cluster 1 are characterized by both <2 restricted motions of the shoulder and >1 restricted motions of the neck. Patients in cluster 2 have both >3 restricted motions of the shoulder and <2 restricted motions of the neck. In cluster 3, the patients are characterized by both <2 restricted motions of the shoulder and 0 restricted motions of the neck. Patients in cluster 4 have >3 restricted motions of both the shoulder and the neck. Table 7 presents the agreement between the classification based on the scoring system (predicted cluster membership) and the clusters from the LCA (observed cluster membership). The almost perfect agreement resulted in a coefficient k 5 0.90.
Discussion
The results of the LCA show that a distinction can be made between patients with different types of restriction in the motions of the shoulder, neck, or both. Patients are clustered into four groups: those with a high probability of restriction in the motions of the neck and a low probability of restriction in the motions of the shoulder (cluster 1), those with a low probability of restrictions in the motion of both the shoulder and the neck (cluster 3), those with a high probability of restrictions in the motion of the shoulder and a low to moderate probability of a restrictions in the motion of the neck (cluster 2), and finally a small group of those with a high probability of restriction in the motions of the shoulder as well as the neck (cluster 4). In clusters 1 through 3, only a small proportion of patients had difficulties with extension and anteflexion of the neck, whereas in cluster 4 a large proportion of patients had problems with these motions.
The results show further that patients can be classified into the four clusters based on only the number of restricted passive motions.
In studies by De Jongh [15] and Winters et al. [16] , a group of patients was identified who had hardly any restriction in the motions of shoulder and neck although they reported shoulder pain. In the present study, this combination of complaints is found in cluster 3. Patients with severe restrictions, which were reported to be a small group in another study conducted by Winters et al. [16] , were the same type as those found in cluster 4 in the present study. Winters et al. [24] made a diagnostic distinction only between problems in the synovial structures, problems from the shoulder girdle, and a combination of both in their research, but we could not establish a clear overall relationship with the clusters found in the present study; however, three quarters of the patients in the category ''shoulder girdle'' were assigned to cluster 1.
There was also an unclear relationship between the clusters we found and the diagnostic classification of De Winter [4] , which was based on Cyriax's ideas. Although nearly all of the patients with a capsular syndrome (80%) were categorized in cluster 2, the distribution of patients among the other clusters did not show a regular pattern. This of course could be expected, because in a priori classifications like the one proposed by Cyriax the presence of complaints such as pain and restriction in motion cannot in general be considered clear-cut indicators of specific disorders. A number of patients experience shoulder complaints without a functional disorder of the glenohumeral joint [14] . On the other hand, manifest disorders of the shoulder are often associated with multiple complaints, none of which represent a unique symptom of a particular disorder. According to De Winter [4] , the unsatisfactory reproducibility reported in various studies might be explained by this phenomenon. In empirical classifications such as LCA, the approach is quite different. The results of our study show that the number of restricted motions is sufficient for the classification. The drawback of this approach, of course, is that the precise location of the disorder cannot be indicated. On the other hand, a number of studies [2, 3, 13] have shown that agreement between observers is low to only moderatedwhich is why traditional diagnosis fails. The interobserver agreement for the restriction in the motion of the neck in De Winter's study [13] ranged from 0.38 to 0.61 (Cohen's k) and for restriction in motion of the shoulder from 0.53 to 0.60. A simpler classification based on the number of restricted motions will be more reliable because the sum of the symptoms has a higher reliability than the individual items [18, 30] . Furthermore, because it will be easier to reach a satisfactory level of agreement between observers in a simple classification system (one with only a few categories) than in a complex system with a large number of categories one would favor the simpler system. Moreover, there are only three or four effective therapies available to the general practitioner, so a more complex classification system is clearly unnecessary. Our proposed classification based on the LCA might indeed be useful in the allocation of patients to these available therapies. Unfortunately, we have no data to explore the effect of our proposed system on treatment decisions making or outcome, so we suggest the undertaking of further research to measure the efficacy of this simple diagnostic system.
Although there are differences between the diagnostic classification found in this study and those reported earlier [15] [16] [17] , all empirical classifications show that only a few number of groups can be distinguished, regardless of the number of patient characteristics or dichotomized variables used in the analysis.
The patients in our analysis consulted their general practitioner with shoulder pain, but it appears that a number of them had complaints attributable to problems concentrated around the cervical spine. This supports the advice given by the Dutch National Guidelines, that physicians should examine the motion of the neck in patients with shoulder complaints.
Together with the results from the previous classification studies by Groenier et al. [15] , Winters et al. [16] , and De Jongh [17] , the present results support the decision of the Dutch College of General Practitioners to favor a simple classification in their National Guidelines for Shoulder Complaints.
Perhaps in matters of diagnosing patients with shoulder complaints there is much truth in the words attributed to the economist John Maynard Keynes: ''I would rather be vaguely right, than precisely wrong.'' Cohen's k 5 .90.
